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Abstract
Thirty-one pregnant agoutis, between Days 9 and 103 of gestation (Day 1  day of detection of sperm in the vaginal smear),
underwent B-mode ultrasonography; gestational sac diameter (GSD), crown-rump length (CRL), embryonic-fetal diameter (EFD),
and placenta diameter (PD) were measured. There were positive correlations (P  0.05) between GSD and CRL (r  0.98), GSD
and PD (r  0.88), CRL and PD (r  0.86), days of gestation (DG) and CRL (r  0.85), and DG and PD (r  0.73). The
gestational sac was first observed on Day 14. The embryo was first seen on Day 18 in 9/31 of pregnant agoutis and on Day 22
in 20/31 of pregnant agoutis. Heartbeats were detected from the Day 25 and placentas were observed in 100% of the animals from
Day 25. Early limb bud and ossification of the fetal skull were identified on Days 27 (15/31) and 45 (24/31), respectively. Fetal
orientation (head and body) was evident from Day 40, the stomach, liver and lungs were identified on Day 50, the kidneys were
reliably seen only on Day 55, and the aorta and vena cava were seen on Day 70. The fetal bowel and the urinary bladder were
the last structures to be observed (Day 85). Ultrasonography was effective for early pregnancy diagnosis in agouti and for
obtaining information on embryonic and fetal structures that could be used to predict gestational age and birth, thereby
contributing to their reproductive management in captivity.
© 2012 Elsevier Inc. Open access under the Elsevier OA license.
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www.theriojournal.com1. Introduction
Determining gestational age and characterizing re-
productive behavior among wild species are usually
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http://dx.doi.org/10.1016/j.theriogenology.2012.05.023difficult [1,2]. Reproductive events widely established
in domestic animals [3,4] remain unknown in wild
species, especially livestock and species with commer-
cial interest [5,6].
The agouti (Dasyprocta spp) is a South American
rodent that lives in forest habitats [7]. In the state of
Piauí, as well as in other Brazilian regions, it was
























































1279F.C.A. Sousa et al. / Theriogenology 78 (2012) 1278–1285but was exploited indiscriminately. Consequently, there
has been substantial reduction in the population density
of this species in this region and throughout the country
[8,9]. Numerous studies have been conducted to char-
acterize reproductive physiology of the agouti [10–13].
They generally weigh approximately 1.5 to 2.8 kg [14]
and reach sexual maturity at 6 mo of age [15]. In recent
studies, the duration of the estrous cycle averaged 32.05
4.17 days, with progesterone concentrations increasing
rapidly 24 h after detection of estrus [16]. Gestation
ranges from 104 to 120 days, with one or two pups
delivered per year [10] and mean birth weight of 147.6
g [17].
Hystricognath rodents like agouti have unique pla-
centation [18–20]. The placenta is spherical, divided
into lobes separated by interlobar trophoblast, and lo-
cated on the mesometrial side of the uterus [6]. The
subplacenta is a highly vascular structure [21], closely
related to the main placenta. The standard arrangement
of cytotrophoblast and syncytiotrophoblast, supported
by lamellae of connective tissue, is similar to that in
other species, including the guinea-pig, chinchilla, rock
cavy, and agouti [6,22–24]. However, all information
were obtained from postmortem investigations by mor-
phologic descriptions, with a need for in vivo confir-
mation [6,13,25,26]. The objective of the present in-
vestigation was to use ultrasonography to observe
features that could be related to gestational age in
pregnant agouti (Dasyprocta prymnolopha).
2. Materials and methods
2.1. Animals
This research was authorized by the System for Au-
thorization and Information on Biodiversity (SISBIO) -
ICMBio/IBAMA, No. 20169–1. Thirty-one female ag-
outis were used from the Center for the Study and
Preservation of Wild Animals (NEPAS) of the Federal
University of Piauí (Registration, No. 02/08–618).
hey were housed in four groups, with a 5:1 female-
o-male ratio, and constant monitoring of the estrous
ycle. After mating, vaginal cytology was checked
hrice daily; the presence of sperm in the vaginal smear
as used to define Day 1 of gestation, as reported [27].
nce a female was designated as having mated, she was
eparated and replaced by another female, to retain the 5:1
atio. Groups of animals were housed in pens that were
00 400 200 cm (length width height) and fed
odent food and fresh vegetables, with ad libitum ac-
ess to water. They were exposed to a natural photo- ceriod (approximately 12 h light and 12 h dark through-
ut the year) [28].
.2. Ultrasonography
Ultrasonographic examinations were performed
ith a Pie Medical Scanner 100 LC, equipped with a
ultifrequency (5–7.5 MHz) microconvex transducer
Pie Medical, Campinas, SP, Brazil). The agoutis were
ot sedated or anesthetized and were restrained in dor-
al recumbency. The ventral abdomen was shaved and
ltrasound gel was applied. Ultrasound examinations
ere performed by four sonographers, specialists in the
rea, with the same image calibration, and trained with
he same level of accuracy to obtain the images. The
nimals usually remained relaxed during the whole
xamination (45 min), and the environment was kept
alm.
The examination started in the inguinal area, using
he anechoic urinary bladder as an acoustic window.
he examination continued along the abdominal and
elvic cavities to evaluate the topography and syntopy
f the uterine horns. Identification of a gestational sac
onfirmed a diagnosis of pregnancy. Thereafter, gesta-
ional age was evaluated by observing sonographic
arkers, including embryonic development, placenta
chogenicity, fetal skeleton, fetal heart pulsation, and
etal abdominal viscera [3].
In all animals, an ultrasonographic evaluation was
one once daily from Days 9 to 103. The following
ere measured: gestational sac diameter (GSD: largest
iameter of the gestational sac in a sagittal section);
rown-rump length (CRL: from the cranial portion of
he embryo-fetus to its caudal end); embryonic-fetal
iameter (EFD: largest diameter of the embryo and
etus in a cross section); and placenta diameter (PD: the
argest diameter of the placenta in a sagittal section).
he objective was to establish parameters related to
orphologic changes that would facilitate accurate pre-
iction of gestational age and parturition date in this
pecies.
The growth rates of GSD, CRL, EFD and PD were
easured in each of the three-thirds of pregnancy, and
he means were compared using a Student’s t test. The
egree of linear association between variables (GSD
nd PD; CRL and PD) was assessed by determining
earson’s correlation coefficient. Furthermore, GSD
nd CRL were submitted to linear regression to estab-
ish their relationships with gestational age. For all
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3.1. Gestational sac diameter
The first uterine morphologic changes were observed
on Day 9. The gestational sac had an initial diameter of
1.23  0.07 cm. On Day 14, it was filled with liquid,
onfirming the beginning of pregnancy. In the first third of
regnancy (Days 9–30), GSD was 3.27  0.87 cm. The
SD in the middle third of pregnancy (between Days 31
nd 60) was 5.51  0.87 cm. There was a progressive
ncrease up to Day 52, when the GSD measured 6.22 
0.03 cm. From this point forward, development was more
rapid, with mean GSD of 10.39 0.63 cm at Day 63, and
the last diameter measured of the gestational sac was
10.89 cm (Fig. 1a).
In the present study, the gestational sac was moni-
tored for only 76 days after mating. Thereafter, GSD
Fig. 1. Prenatal growth curves (regression curve) based on ultrasono
crown-rump length (CRL); (c) correlation between GSD and place
ultrasonography during 76 d of pregnancy.growth hindered measurements of the total diameter
directly from the monitor image.
3.2. Crown-rump length
The initial crown-rump length, on Day 18, was 1.57
0.06 cm. In the first, middle and last thirds of pregnancy,
the CRL was 2.07  0.20, 3.21  0.75 and 8.38  0.51
cm, respectively. The embryo-fetal growth was clearly
progressive, with wide differences between the means of
the first (1.57  0.06) and last (10.8  0.09; Fig. 1b).
Similar to GSD, the CRL was monitored for only 76 days
after mating. Thereafter, its size prevented viewing its
entirety to obtain accurate measurements.
3.3. Embryonic-fetal diameter
Embryonic-fetal diameter measurements were ob-
tained from Day 21. The initial mean was 0.77  0.02
measurements showing the: (a) gestational sac diameter (GSD), (b)
meter (PD); and (d) between CRL and PD of agouti observed bygraphic
nta dia
on Da
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EFD was 1.01  0.13, 1.48  0.32, and 2.71  0.43
cm, respectively.
3.4. Placenta diameter
The placenta was first visualized on Day 21 (PD
2.22  0.09 cm). In the middle third of pregnancy, PD
was 2.75 0.32 cm, and in the last third, it was 3.49
0.23 cm. The PD progressively increased until Day 60,
reaching a mean diameter of 4.71 0.12 cm. From this
point forward, the PD decreased until the last measure-
ment on Day 90 (3.31  0.08 cm). Until Day 60 of
gestation, there were significant positive correlations
between GSD and PD (r 0.88, P 0.05; Fig. 1c) and
between CRL and PD (r  0.86, P  0.05; Fig. 1d).
3.5. Linear regression analyses
Linear regression analysis of gestational age (in
days) according to the diameter of the GSD and CRL
(in cm) produced the following equations for Days 9 to
76; Fig. 1a, b:
Age 6.99DGS 1.7877, R2 0.9271,
Fig. 2. Ultrasound images of agouti gestational development. (a) Uter
(arrowheads). (c) Placenta on Day 25 (circle). (d) Limb buds (LB) visu
dotted line). (f) Calcification of the skull (CSK) and mandible (MD)F2,47 419.47, P 0.05Age 5.26CRL 18.359, R2 0.9102,
F7,79 334.28, P 0.05
3.6. Sonographic fetal organ visualization
There was an initial increase in uterine volume ob-
served on Day 9 in 3/31 animals and on Day 13 in
12/31 animals (Fig. 2a). The gestational sac, an an-
echoic structure, with a thin and hyperechoic wall, was
observed on Day 14 in 11/31 of the animals. The
embryo was initially seen on Day 18 as an elongated
echogenic structure located eccentrically within the
gestational sac in 9/31 animals (Fig. 2b). On Day 22,
this structure was already observed in 20/31 of pregnant
agouti. On Day 25, a fluttering echo within the embryo
was observed, characterizing the heartbeat and fetal
viability, seen in 20/31 of the animals. The placenta
was seen on Day 21 as a circular structure of hetero-
geneous echotexture and hypoechoic wall in 20/31 of
the animals (Fig. 2c). On Day 25, it was seen in all
animals. Limb buds (Fig. 2d) were detected on Day 27
in 15/31 of the animals. The umbilical cord was seen
tation on Day 9 (circle). (b) Gestational sac with embryo on Day 18
on Day 27 (arrows). (e) Early fetal orientation (solid line: head, body:
y 45.ine dila
alizedafter Day 30 as a long structure, hyperechoic and with
. (e) Ur
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fetal orientation (head and body) was evident in 15/31
of the animals on Day 40 (Fig. 2e). Calcification of the
skull was first seen on Day 45 in 24/31of the animals
(Fig. 2f). The stomach, lung and liver were visualized
on Day 50 in 17/31 of the animals. The stomach ap-
peared as an anechoic cavity, whereas the lungs were
more hyperechoic than the liver (Fig. 3a). The spinal
canal was visualized on Day 55 in 14/31 of the animals
and it was surrounded by the vertebral body, a highly
reflective and acoustic shadow beyond the mineralized
area (Fig. 3b). The kidneys were visualized on Day 55
of gestation in 13/31 of pregnant agouti as a hypoechoic
structure with a central anechoic pelvis (Fig. 3c). In
13/31 of the animals, the aorta and caudal vena cava
were visualized on Day 70 (Fig. 3d). The fetal bowel
and urinary bladder (anechoic structure) were the last
structures detected (Fig. 3e); they were first observed
on Day 85 of gestation in 12/31 of the animals. From
this point onwards, there was only growth in volume of
these organs. The sonographic examination of organs
was performed until the end of pregnancy, 103  0.16
days after mating. The main events related to organo-
Fig. 3. Sonographic fetal organ visualization in agoutis. (a) Lungs (L
(c) Primordial kidney (circle) on Day 55. (d) Aorta (Ao) on Day 70genesis in agoutis are summarized (Table 1).4. Discussion
There are several issues regarding accurate detection
of gestational time in agouti. The day of detection of
sperm detection in vaginal smears was defined as “Day
1”. The duration of gestation was 103 days. Although
other studies have suggested a range of 104 to 120 days
[29,30], we inferred that this large range in length of
gestation was due to failure in accurately determining
“Day 1” or failure to detect early pregnancy losses. In
that regard, agoutis display estrus approximately 1 wk
after pregnancy loss [31]; if this was not detected,
animals could mate again, resulting in incorrect assess-
ment of length of gestation.
In the present study, the gestational sac was first
seen on Day 9, with a diameter of 1.2  0.1 cm, when
a 7.5 MHz transducer was used. Although some authors
reported the presence of a gestational sac in dogs at 10
days of gestation [32–34], in most cases in dogs and
cats it was first detected from 17 to 19 days of gesta-
tion, using a transducer with the same frequency as that
used in this experiment [35–37].
In this study, the gestational sac of the agouti was an
r (LV) and stomach (*) on Day 50. (b) Spinal canal (SC) on Day 55.




















1283F.C.A. Sousa et al. / Theriogenology 78 (2012) 1278–1285margins, defined and easily measurable, similar to de-
scriptions made for bitches [34,38]. In rats, embryonic
esicles were round or oval structures of intermediate
chogenicity in the lumen of the uterine horn on Days
through 11 of pregnancy [39]. For wild rodents, e.g.,
the European brown hare, the gestational sac was first
observed between Days 6 and 8 [40]. Otherwise, in
other rodents, such as the guinea-pig, the gestational
sac was seen only on Day 23 [41–43].
The embryo was thin and adopting a C-like-shape on
Day 18 and the embryonic-fetal length could be mea-
sured [3,44]. In moles, the embryo is seen within the
gestational sac from 150 to 163 days of gestation with
a “cigar shaped” or “curled layers” [45]. There was a
significant increase in the embryonic growth rate after
22 days when the embryo could be identified in 64.5%
of the animals. An exponential increase in length was
also observed in pregnant bitches at 22 and 23 days of
gestation [46,47]. Such a feature was also observed in
hares from 11 to 20 days of gestation and rats at 16 days
[40].
Regression analysis results were similar to those in
other rodents, such as the European brown hare [40],
for which regression analysis was used to predict the
diameter and length of the embryo sac at 30 days. In
our evaluations, these data could be measured up to
Day 76, which represents 70% of gestation in agouti.
These results should be useful for estimating gesta-
tional age in agouti, although other studies of both
Table 1
Gestational period and organogenesis in agouti measured by
ultrasonography.
Structure Day (%) (60%) Animals
Increase in uterine volume 9 9.7 3
13 38.7 12
Gestational sac 14 35.5 11
Embryo 18 29 9
22 — 64.5 20
Fetal viability (heartbeat) 25 — 64.5 20
Placenta 21 — 64.6 20
25 — 100 31
Limb buds 27 48.4 15
Umbilical cord 30 54.8 17
Fetal orientation (head and
body)
40 48.4 15
Calcification of the skull 45 — 77.4 24
Lung, liver and stomach 50 54.8 17
Spinal canal 55 45.2 14
Kidney 60 41.9 13
Aorta, caudal vena cava 70 41.9 13
Fetal bowel and urinary
bladder
85 38.7 12ultrasound and morphologic nature are necessary. mConsistent with other domestic mammals and other
rodents, most of the anatomical changes in agoutis
occurred after Day 30 days [19,36,45]. However, the
heartbeat and the limb buds appeared on Days 25 and
27, respectively [4].
The placenta was observed on Day 25 of gestation as
a circular structure with a hypoechoic wall and heter-
ogeneous echotexture. Placenta morphology was de-
scribed for agouti [20] and paca (Agouti paca L) [25]
mesometrially located, discoidal to ellipsoid or globular
in shape and prominently lobulated, and largely vascu-
lar, with characteristics similar to those observed in
other rodents, such as the guinea-pig (Cavia porcellus)
[6] and capybara (hydrochaeris hydrochaeris) [12].
There was progressive increase in the placenta up to
Day 60 and a decrease in size from that point until Day
90. Corroborating this, a recent morphologic study
showed the presence of fully developed and vascular
placenta in capybaras from Day 70 [18].
Although the transition between the main placenta
and subplacenta not been well defined, we suggest that
during the sonographic evaluation, the subplacenta pro-
vided important contributions to identify the size of the
main placenta over the gestational development in the
agouti. In fact, in the guinea-pig, the subplacenta
reaches its maximum weight at 40 to 45 days and
gradually decreases in size thereafter [48]. Later, it was
reported that the agouti placenta regressed to 10% of
the weight of the main placenta and that it had com-
pletely degenerated by 58 days [49].
The placenta has been considered an area of high
metabolic activity [11] and important for trophoblast
nvasion associated with the maintenance of pregnancy
n the guinea-pig, chinchilla and capybara [15]. In the
resent study, the placenta was regarded as a vascular
tructure closely related to the fetus, consistent with the
ositive correlation between embryonic-fetal length
nd placenta diameter. In contrast, it was suggested that
he subplacenta of the agouti (Dasyprocta leporina L)
ecretes hormones into the fetal circulation [6].
The beginning of organogenesis in domestic mam-
als was detected with ultrasonography ranging main
rom 17 to 23 days of gestation, especially visualization
f heartbeats [50,51]. Nevertheless, in the present
tudy, the distinction between head and the body was
nly visible at approximately Day 40, when the embryo
dopted a bipolar shape (fetal orientation) and the limb
uds were visible [41,45,52,53]. Similar descriptions
ere made in a recent comparative study regarding
mbryonic development of South-American Hystrico-












1284 F.C.A. Sousa et al. / Theriogenology 78 (2012) 1278–1285agouti (Dasyprocta leporina), capybara (Hydrochaeris
hydrochaeris), and rock cavy (Galea spixxi) [5].
In agoutis, the echogenicity of most abdominal
structures was observed later, despite numerous refer-
ences that consider the stomach, bladder, skeleton and
kidney as the first structures visible by ultrasound ex-
amination during organogenesis [54,55]. In fact, the
stomach, liver and kidneys in agoutis were only de-
tected at Day 50. We suggest that the deposition of
abdominal fat impaired early assessment of these and
other structures, such as the bladder and bowel which
were only seen on Day 85, but in pregnant bitches can
be seen on Day 32 [44,56].
We concluded that ultrasonography was effective
for identifying early pregnancy in the agouti and mon-
itoring organogenesis. Fetal and extraembryonic bio-
metrics should be useful for staging gestation and pre-
dicting birth in agouti, thereby contributing to their
reproductive management in captivity.
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